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Summary

A high speed network commumications station has
been developed to serve to interconnect a variety of
computers in a multiplexed star network. Each station
comsists of one control module and two memory modules
enbodied as CAMAC modules. Transmission is over coax~
jal lines with typical distances between stations of
from 1 to 2 miles. The transmission rate is 4vHz.

Introduction

At Fermi National Accelerator Laboratory typical-
1y a minber of experiments are simultaneously set up
and working in each of five geographically separated
experimental areas.
mate Laboratory layout. The accelerator cycle typi-
cally nms about three to six seconds of acceleration
period during which time little of interest to the ex-
perimenters occurs and then a constant energy period
during which time the beam is extracted slowly over a
period of that one second to most experiments. During
this one second spill time, based upon high speed
electronics logic decisions, an interrupt to a local
on-line carputer system is generated and data is
strobed from the high speed electronics into the com-
puter. This data strobe typically is of the order of
100 mini-computer words of data and frequently of the
arder of 100 triggers occur during one spill period.
The mini~computers collect data in this manner, buffer
and frequently format the data and then store this
data on tape as the primary data long term storage
medium. The mini's also operate on some fraction of
the data to monitor the operation of the experiment,
‘uspally in close interaction with the experimenter.

: Frequently it occurs, however, that the mini-
. computer is inadequate in camputing power to give an
afequate physics result to the experimenter. For this
' yeason it is necessary to have additional camputing
power available to make these more extensive calcula-
. +ions. Given today's technology it is possible to add
; Floating point hardware tc a modern mini-camputer to

i alleviate this situation. However, since there are a
' large mumber of mini-computers installed in our Labo-
yatory, and also because frequently more computing
power is required than can be obtained with typical
mini—computer floating point hardware, it is more ap-
propriate to connect them with a real time link to a
yet larger more powerful computer. At Fermilab we use
a CbC 6600 in this role. At the present time however,
data is brought to this camputer by bringing the mag-
netic tape to the computer via the "on-line bicycle
route". It is to remove this rather slow "on-line"
mechanism that we have designed a general purpose
Iaboratory wide data cammmications network to link
our mini-camputers to a central large computer. This
network is called BISON-NET.

Global Concepts

Our design for BISUN-NET is based upon the fol-
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Figure 1 illustrates the approxi-

lowing considerations:

a) There are a variety of mini-computers of dif-
ferent manufacture servicing the various experiments.

b) Almost all the mini-computers use CAMAC as the
normal interface system.

c) Although the CAMAC protocol is rather cumber—
some for the major data acquisition and frequently
tends to be the limiting element during data strobes,
nevertheless during the acceleration cycle the activ-
ity level for the CAMAC branch highway is very low.

d) The network should handle reasonable sized
buffers from each experimenter, with an average peak
rate of one buffer per experimenter per acceleration
cycle guaranteed.

. e) As much as possible the communications proto-
col should be transparent to the user.

f) There should be no distance limit between
terminals.
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Fig., 1 Fermilab Experimental Area Layout

These considerations lead to a design which uti-
lizes a CAMAC interfaced system. The implementation
which is symwetric at transmit and receive ends re--
quires only two different types of modules. As il-
lustrated in Figure 2, a network terminal requires
one transmit/receive control module (T/R Module) and
two 1024 word 24 bit memory modules, one serving as a
transmit memory (TM Module) and one as a receiving
memory (RM Module). . A typical mini-computer to CDC



6600 comnection is given in Figure 3. The whole net-
work is a star network and because of the rather large
distances involved and the relatively high cost of
high quality transmission cable, multiplexers are
utilized for physically close clusters. The network
is schematically illustrated in Figqure 4.
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Fig. 2 Major Features of BISON-NET CAMAC Modules.

Typically at the end of a spill period, when the
CAMAC system is not in a time critical situation, the
user initiates a block transfer from a 1X buffer in
his core memory into the 1K buffer BISON-NET T module.
Up to a dozen different users might do this more or
less simultanecusly. Once the transmit memory is

loaded the transmit/receive module transmits the whole

 block serially to the receive memory at the CDC end.
The multiplexers take care of the priority and proto-
col if two ™ modules become filled at the same mo-
ment. At the receive end appropriate status bits are
set and the software at the 6600 end scans the status
registers and wnloads the data in an appropriate fash-
ion. The T/R modules are reasonably independent.
They are designed to take care of a large variety of
unusual error conditions and will auntcmatically re-
transmit the block if there has been an unsuccessful
transmission.

The data transmitted via this technique is either
experimental data or control words. The first four
words are software set and define the details of the
accompanying data. Typically the user is-allowed to
construct a file which is controlled by special soft-
ware in the CDC 6600 peripheral and central processors.
These are buffered in core memory in the CDC 6600 and
written into ‘the disk by the system software. The

user may open and close this file and after the file . -

is closed, he may submit high priodrity batch jobs by
transmitting appropriate control words and associated
control blocks. Normally it is assumed that the data
files are constructed over a period of minutes or tens
of minutes, and at the end of this time, a high prior-
ity batch job is initiated. This batch program may
construct an output file if appropriate and upon ini-
tiation by the mini-computer, this block will be
transmitted back to the mini-computer.

Memory Module

One of two types of CAMAC modules required for
the BISON-NET is the 1024 word by 24 bit memory
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(Figure 2). This module uses static N-MOS memory, TTL
logic, and has been designed as a general purpose
memory. Connection to the T/R module is via a rear
panel connector located above the CAMAC dataway con-
nector. Twenty four lines are used as a bi-~direction—
al dataway (the T/R dataway) with the remainder used
for control functions. Memory modules function either
as a transmitting (M) or a receiving memory (RM) de-
pending on where their interconnecting cable is at-
tached to the T/R module.
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Fig. 3 Typical Mini-computer to CDC 6600 Connection

To aid in system checkout and error diagnosis,
all important control registers can be set and cleared
by CAMAC commands. In addition various sections of
the automatic logic can be inhibited by setting con-
trol bits. The CAMAC commands and register configu-
ration are detailed in Table 1.

A normal BISON-NET block transfer operation
starts with an F(16) block write command to the ™
module. The first word of a block transfer is treat-
ed in special way by the ™ module. The low order
ten bits of the first word give the word count of the
block transfer, and are set by software. The value
of this word count is stored in word count register
(WCR), and is continuously compared with the memory
address register (MAR) during transfer. The first
word is also stored in its entirety in the first lo-
cation of the MOS memory. The MAR is incremented at
the CAMAC S2 time and successive words are stored in
successive .memory locations. The T module monitors
the rate at which words are received from CAMAC and
when a break is determined by a pause greater than a
preset time (as determined by the particular camputer
branch driver combination) the memory load operation
is terminated. If the MAR and the WCR do not match,
an error condition is indicated. The MAR is then re-
set to zero.

If this match is successful and if no other



error conditions exist, the T/R module receives a sig-
nal indicating that a block is available for transfer
+o the remote station. The T/R module now switches
the memory data path from reading from the CAMAC data-
way to writing on the T/R dataway. The T/R module
serijalizes the memory words, adds parity and control
bits, generates Di-phase code (similar to Manchester
code) for transmission and transmits the serial data
at its internal clock rate. The MAR is advanced by
‘pseudo S2 pulses generated in the T/R module and
transmission continues until terminated by equality
between the MAR and WCR.
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passing one buffer per beam spill could write blindly
with the expectation that the last buffer would almost
always be clear. In the rare instances where this is
not the case . (e.g., the central computer is down
briefly) it is only necessary to attempt to reload the
™ module since logic prevents overwriting data which
has not been successfully transmitted.
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Fig. 4 BISON-NET network with multiplexers shown
which allow shared use of cables between the
Central Laboratory and the principal experi-
mental areas.

MULTIPLEXER

EXPERIMENTAL COMPUTER/CAMAC INSTALLATIONS

Operational failures are detected by the T/R
module which sets a LAM to indicate that Something has
gone wrong in a memory module. A memory status reg-
ister can then be examined to determine the exact
cause of the error. Note that T/R module 1AMs are re-
served for error conditions and memory IAMs for suc-
cessful campletions.

A number of error conditions are possible.

Blocks of improper length, attempts to write into a
BM module or to read from a ™ module or to write
blocks longer than 1024 words are all detected. A T/R
module IAM will also be set if a write is attempted to
a ™ module which has not as yet successfully trans-
ferred its contents to the remote location or if aread
is attempted from a RM module that has not received
new data. It is thus possible to program blindly
without examining status registers or servicing LAMS
if it is known ahead of time that the probability of
a successful operation is high. Thus an experiment

SPARE| DI9 D20 D2l D22 D23 D24 | PT

LP | LP 2 LP3 LP 4 LPs LtP6 LPT7T | LP8

4 BIT SPACE

START OF NEXT WORD 2

FJ.g 5 BISON-NET word format, PT is odd transverse-
parity while LPn is even colum parity.

Similar logic holds for the RM module. In this
case the T/R module fabricates pseudo S2 pulses, as—
sembles full words and then transmits the input data
to the RM module via the T/R dataway. When transmis-
sion errors are detected by the parity circuits, RM
module load operations are terminated. This results
in a time out with an improper length comparison and
the memory automatically resets its address. register
to zero to look for a retransmission. Except for
special modes of operation, the memory address regis-
ter is reset to zero at each timeout so that the mem~
ory is always ready to load a block starting at loca-
tion - zero.

Memory LAMs are set only on successful completion
of a memory unload operation. Thus the ™ module sets
a 1AM when its contents are successfully transferred
to the remote location and the RM module sets a LAM
when its contents have been unloaded via CAMAC.

T/R Module

The T/R modules at each end of the transmission
link control the traffic between the four memory mod-
ules. Operation is almost full duplex in that trans-
mission can occur simultaneously in both directions.
A key feature of the T/R module (Figure 2) is its two
status registers. Each T/R module contains a 24 bit
local status register (LSR) which indicates all its
inmportant control functions. In addition each T/R
module also contains a second register, the remote
status register (RSR), which holds the most recently
received contents of the local status register from
the T/R module at the remote station. Thus each T/R
module is constantly aware of its own status and the
status of the remote T/R module. If there is no other
traffic, status is transmitted at about 0.1 second



intervals. One of the LSR bits, and a front panel
]_'Lght indicate that the T/R module is regularly receiv-
ing status from the remote station. Since this equlv-
alent bit from the remote T/R module is returned in the
RSR and is indicated with a second light, quick visual
determination that transmission is taking place in both
directions is possible. If this status protocol fails
a T/R module 12M is set. The CAMAC commands and reg-
jster identification for the T/R module are listed in
Table 2.

In general, any change of the ISR initiates the
transmission of its contents. Since this is often
critical information, status words have priority over
data words and are inserted in a data block whenever
they occur. Two bits in each transmitted word are used
+0 identify the first word in a data block, a word in
a block, the last word in a data block, and a status
word.
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MEMORY ADDRESS REGISTER

FUNCTION
MEMORY BLOCK READ

CAMAC COMMANDS
Fi{2) - Aln)

Fl1)-af0) READ WC 8 STATUS REGISTER
F() - A READ SINGLE MEMORY LOCATION [AS f(MAR)]
F()-Af2) READ MAR
Fl2) - aln) OPTIONAL BLOCK READ [INSTEAD OF F(2)]
F(8)-A@)-SI JEST LAM Q=1 IF LAM REQ.- MASK
Fua) - Alor- St RESET LAM REQ.
FQ1) - ato)- s CLEAR WC & STATUS REGISTER
FOi - A{2)-5) CLEAR MAR
F () - Afn) - S1 MEMORY BLOCK WRITE
F{7}- Al1}- SI LOAD SINGLE MEMORY LOCATION [AS f(MAR)]
F7) - Af2)-8) LDAD MAR
F{8) - Afn) -SI OPTIONAL BLOCK WRITE [INSTEAD OF Fi(l6)]
Flo) -af0)-SI SELECTIVE SET WC 6 STATUS REGISTER
FR4-4(0) -5 DISABLE LAM
FRe)-A@ St ENABLE LAM
FR7) -4 0 S TEST LAM 0=1 IF LAM REQ,
. (z+C)-s2 CLEAR ALL REGISTERS
NOTE: "X’ RESPONSE GENERATED FOR ALL VALID COMMANDS AND

Q“RESPONSE BENERATED FOR READ AND WRITE OPERATIONS

Tansmission is by 40 bit data words separated
by 4 bit spaces. The data format (Figure 5) consists
of 24 data bits, 4 lateral (odd) parity bits, two word
identifying bits, a phase bit, and 8 long (even) par-
ity bits. An extra bit allows later system expansion.
Since the receiver circuitry is time sensitive, re-
quiring 40 data bits at regular intervals followed by
a space, the transmission link is less sensitive to
white noise than the 12 parity bits would otherwise
indicate. Tt is expected that this scheme is suffi-
ciently protective that the undetected error rate will

be 1n519nlf1cant.2 In the design, emphasm has been
placed on error detection and retransmission rather

As mentioned earlier, T/R module status bits pre-
vent loading a ™ module until its previous contents
have been successfully transferred to the remote sta-
tion. Once the ™ module is loaded, the T/R attempts
+0 transfer the memory contents. First the T/R checks
to see if the last block transmitted has been unloaded.
If not, the /R waits indefinitely for a status condi-
tion indicating the unload has taken place. Initially
this wait was to be terminated by a short hardware
time out, however global considerations make it de-
sirable to allow a rather long wait to accommodate
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unusual load conditions at the central computer.

TABLE 2
/R MODULE
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CAMAC COMMANDS EUNCTIO

F(1)- Al0) READ LOCAL STATUS REGISTER
F{I) - A(D READ REMOTE STATUS REGISTER
FUY-A@ READ CONTROL REGISTER
F(a)- a{0): 51 TEST FATAL ERROR LAM Q=1 IF SET
F(IQ} - Af0)- 5) RESET FATAL ERROR
FUN - A0 - SI CLEAR LOCAL STATUS REGISTER
FOD - A(D SI CLEAR REMOTE STATUS REGISTER
F) - af2)- 81 CLEAR CONTROL REGISTER
F{il) - A3 8 CLEAR ALL REGISTERS
FUD - A(1)-5) WRITE LOCAL STATUS COMMUNICATION BIT
FU9) - A(@)- SI SELECTIVE SET LOCAL STATUS REGISTER
FU9) - ALt} 51 WRITE REMOTE STATUS REGISTER
F(9) - A{2) SI SELECTIVE SET CONTROL REGISTER
(z+0)-52 CLEAR ALL REGISTERS

- NOTE:  "x" RESPONSE GENERATED FOR ALL VALID COMMANDS AND

"Q" RESPONSE GENERATED FOR READ AND WRITE OPERATIONS

Once the T/R module determines that the remote
memory is empty, transmission is attempted. The T/R
mcdule then waits somewhat longer than the round trip
cable time for a status word acknowledging that the
block has been received correctly. If this is not re-
ceived the block is retransmitted. This continues un-
til transmission is successful or a hardware time out
occurs.

Since only the data blocks are acknowledged, loss
of a status word could result in the retransmission of
a correctly received block. If the receiving station
computer happehed to be very prompt in unloading its
memory it could receive the same block twice. To pre-
vent this, each word contains a phase bit which alter-
nates .on successive blocks. Comparison of the phase
of an incoming block with the phase of the last good
block received allows discarding of repeat transmis-
sions of good blocks.

In order to allow shared use of transmission fa-
cilities, the first word of each block and all status
words contain an 8 bit T/R module address which is
automatically inserted by the hardware in the high
order 8 bits. In order for commmication to take place
the two T/R modules must be selecter switch set to the
same address.

The T/R module contains a number of features which
aid in the detection and correction of troubles. First
and foremost is the continuous exchange of status which
constantly exercises about 90% of the hardware. If
this fails, the local T/R module can be tested by set-
ting the loop back bit of the local status register
which logically connects the output to the input line
and tests everything but the line drivers. Setting
the remote loop back bit in the remote module via
status transmission requires only a fraction of the
remote module to be operational and tests the trans-
mission line both ways. Other control bits allow set-



+ing a LAM to interrupt the remote module, and immedi-
ate status transmission from the local and remote mod-
ule. Automatic operation can be inhibited and trans-
mission can be controlled step by step using the sta-
tus registers and various interrupts.

The Di-phase code used for transmission is self
clocking, requiring only approximate match of the re-
ceiving module clock to the transmitted data and only

one transmission line in each direction.l The trans-
mission line (presently coaxial cable) is driven by a
balanced transformer coupled driver for good cammon
mode rejection.

Multiplexer

Since each transmitted message carries the ad-
dress of the pair of the T/R modules, this is used to
allow several sets of modules to use the same trans-
mission link. The scheme used is to poll the multi-
plexer T/R modules until one is found with a message.
This module is then given exclusive use of the link -
witil it has completed transmission of a single block
or status word. If retransmission is required, how-
ever, it is placed at the end of a queue. At the re-
ceiving end, all modules receive all messages in par-
allel, ignoring messages addressed to other modules.

Current Status

Three T/R modules and five memory modules have
been fabricated and tested. This is enough for one
camplete link with a spare for each position. These
modules have been operated successfully at a 4 MHZ
bit rate between two PDP-1l's connected by 11,000 feet
of cable, system checkout is nearly complete with
presently planned module logic changes being required
only to aid system programming or diagnostic software.
The T/R module and the memory module require approxi-
mately 180 and 160 integrated circuits respectively.

The operating system software is completely spe-
cified with coding progressing for both the PDP-11
user software and the CDC 6600 system software. Indi-
vidual module diagnostic routines have been written as
well as a very flexible CAMAC Macro diagnostic lan-

guage3 which is usable for any PDP-11 CAMAC system
using g BDO-11.

A contract has been placed for a Branch Driver
for the CDC 6600. The vendor is presently testing
their hardware cormection to the CDC 6600 chamnel.

Operation on line with an experiment is expected
by the end of the first quarter of 1975 with a dozen
or so users by mid-year.
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